MEMORANDUM
TO. SIP Inventory Preparers and EPA Regi ons

FROM | nvent ory Qui dance and Eval uation Section
| NFO (919) 541-2825
DATE: April 24, 1992

SUBJECT: VOC Eni ssions from Bakeri es

Thi s techni cal nmenorandum was prepared by Radi an Corporation
under contract to the Ofice of Air Quality Planning and
Standards, US Environnental Protection Agency (EPA Contract No.
68- D0-0125). The objective of this work assignnment is to provide
technical consulting to state and | ocal agencies preparing 1990
base year State Inplenentation Plans (SIP) em ssion inventories.
The interimprocedures outlined in this nmenorandum nmay not
conformto future rel eases of EPA procedures and gui dance.
However, they are based on the best data available at this tine.

Several states have requested additional guidance in calcul ating
em ssions from bakeries. This menorandum di scusses the
recommended net hod for cal cul ati ng em ssions from bakeries and
provides information that may be used to identify bakeries that
shoul d be classified as point sources, and describes the

devel opnent of a per capita bakery em ssion factor.

| nt roducti on

In "Procedures for the Preparation of Em ssion Inventories for
Car bon Monoxi de and Precursors of Ozone, Volune |: General

Gui dance for Stationary Sources", (Prepared

by Alliance Technol ogi es Corporation for EPA QAQPS/ OAR, EPA- 450/ 4-
91-016), section 4.4.1, inventory preparers are advised to use
AP-42 em ssion factors or Anerican Institute of Baking (AlB)

met hods to determ ne bakeries as an area source. Both nethods
require an estimate of bread production. The procedures docunent
recogni zes the difficulty of such an estimate, and states that
sal es data can be used to estimate bread production. An issue of
"Bakery Production and Marketing Magazine" from 1990 is
recommended as a resource for national per capita sal es data.

Estimating Em ssions From Sal es Dat a
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Per capita sales data can be transforned into a per capita

em ssion factor fairly easily.

As an exanple, we will use 1987 sales data from"The U S. MIling
and Baking Industries" (Harwood, J.L., Leath, MN., and Heid,
WG, 1989, U S. Dept. of Agriculture, Agricultural Econom c
Report No. 611). Oher sources, such as the 1990 "Bakery
Production and Marketing Magazi ne" retail trends issue can be
used. The nore recent sources are recommended. A difference of
10 I bs in annual per capita consunption will result ina 0.051b
difference in per capita emssions, a 2 | b change in annual
consunption results in a .01 I b per capita em ssion change. Per
capita consunption for yeast breads for the years 1982 through
1987 ranged froma low of 61.78 Ibs in 1987 to a high of

63.68 Ibs in 1984, a difference of 1.9 Ibs. As an exanpl e,
Table 1 presents the consunption data for all baked goods,

i ncl udi ng non-yeast baked goods, from 1987. This is typical of
the type of information available in the literature.

Tabl e 1.
Per Capita Consunption of Bread and Rel ated Products °
Pr oduct Pounds per Person
Al'l Breads 45. 22
VWi te Pan 26. 48
Unspeci fi ed 1.96
Variety Types 16.78
Rol | s 13.02
Hanmbur ger and Hot Dog 10. 81
Brown and Serve 1.11
Heart h 1.10
Sweet Yeast Goods 3.54
Doughnut s . 58
Al O her 2.96
Soft Cakes 5. 28
Snack Cakes 3. 88
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Per Capita Consunption of Bread and Rel ated Products °
Pr oduct Pounds per Person
Al O her 1.40
Pi es 1.94
Snack Pies 1.11
Al O her . 83
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*

Per Capita Consunption of Bread and Rel ated Products

Pr oduct Pounds per Person
Cake- Type Doughnuts 1.75
Tot al 70. 75

* Estimated by the U S. Dept. of Conmmerce,
| nternati onal Trade Adm nistration

In this exanple, consunption figures for a nunber of different
baked goods are listed. Since the overwhel m ng anount of

em ssions from bakeries are those fromyeast fernentation
products that do not use yeast do not need to be included in the
inventory. The yeast products in this list are: all breads,
rolls, and sweet yeast goods. Consunption figures for those
categories can be sumed to get the total annual consunption of
t hese products per person (61.78 Ibs/yr). Using a sum of al
baked goods (70.8 Ibs/yr in 1987) will result in a higher

em ssion factor.

The AP-42 em ssion factors for yeast bread em ssions are
presented in Table 2.

Tabl e 2.
Bakery Em ssion Factors
Process Em ssi on Factor
(ethanol /I bs. bread)
St rai ght - Dough 0.5 1b/1,000 IDb
Sponge- Dough 5to81b/1,000 Ib

VOC s from bakeries are primarily ethanol which result from yeast
fermentation. Bakery products that are not |eavened wth yeast
do not produce ethanol and should not be considered for the VOC
inventory. The em ssion factors that foll ow represent em ssions
of ethanol fromeither the straight-dough or sponge-dough yeast

| eaveni ng processes. Straight-dough | eavening, (which is used

| ess frequently by comrercial bakers), is when ingredients are

m xed, the yeast is allowed to fernent, and then the bread is
baked. The sponge-dough process uses a | arger anount of yeast to
start the bread, but a smaller portion of the other ingredients,



Menor andum
4/ 24/ 92
Page 5

with the rest of the ingredients being added before baking. Mbst
of the em ssions (99% from sponge-dough | eavening take pl ace
during baking. The straight-dough process has nuch | ower

em ssions, emtting 77% during baking, 23% during other steps,
and retaining a much hi gher concentration of ethanol in the baked
bread (2,000 ppmvs 1 ppm ("Prelimnary Review of 19 Source
Categories of VOC Em ssions", 1988 Draft Report by Radi an

Cor poration for EPA QAQPS/ ESD) .

Since comercial bakeries are nost likely to use the sponge dough
met hod, and the sponge dough em ssion factor is higher and thus
nmore conservative, the | ower sponge dough em ssion factor is used
to conpute the exanple per capita em ssion factor.

1,000 Ib/ (61.78 I b /capita) = 16.2
51b/ 16.2 = 0.31 Ib VOC/ capita
or, .155 tpy VOC / 1,000 people.

Bakeri es as Poi nt Sources

Al t hough many bakeries are fairly small and their em ssions can
be part of the area source inventory, sone of the |arger bakeries
are point sources for VOC. Using 1982 data derived fromthree
tables in "The U S. MIling and Baki ng Industries"” (Harwood,
J.L., Leath, MN., and Heid, WG, 1989, U S Dept. O
Agriculture, Agricultural Econom c Report No. 611), approximate
em ssion rates for bakeries by the nunber of enployees has been
cal cul ated, and are in Table 3. The 1987 Census of Manufactures,
which is published on a state by state basis, should contain the
county | evel enploynent data necessary to do this screening
procedure. Large bakeries will be listed under the Standard

I ndustrial Cassification (SIC) nunber 2051. Retail bakeries,
whi ch should be fairly small, will be listed in the Census of
Retail Trade, and will be under the retail SIC nunber of 546.

Tabl e 3.
Em ssion Esti mates by Enpl oyees
Pl ant Size by Aver age Pounds Aver age Annual VCC
Enpl oyees of Bread per Pl ant Em ssi ons per Pl ant
per Year (tons)
1 - 19 236, 995 .59
20 - 49 1,469, 986 3. 67
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|| 50 - 99 4, 424, 889 11. 06 |
|| > 100 21,364, 217 53. 41 |

This em ssion estimte has been cal cul ated using i ndividual
consunption, individual sales, average plant shipnent val ue and
t he sponge dough em ssion factor of 5 I bs VOC/ 1, 000 | bs bread.
Shi pnment val ues for plants in the Dept. of Agriculture docunent
did not distinguish between the val ues of yeast bread products
and ot her baked goods, and proportions had to be taken based on
the proportions between these types of products listed for

i ndi vi dual consunption and individual sales. Plant em ssion
estimates, based on actual production may be higher or lower if
the plant's products are all breads or all cookies.

The values in Table 3 should not be used as a substitute for
site-specific data and cal culation. They are provided for use as
a screening tool. Based on the table, any facilities with 50 or
nmor e enpl oyees shoul d be treated as a point source.

These em ssion estimates are based on 1982 data because the
source docunent did not have appropriate data for |ater years.
Since that tinme, based on information in the sane docunent, very
| ar ge bakeries have increased their market share at the expense
of smaller bakeries, and those | arger bakeries are newer, nore
automated, and nore efficient. Thus, the trend is toward higher
production relative to the nunber of enpl oyees.

I nventory preparers have several tools available for estimating
VOC em ssions from bakeries: the per capita em ssion factor and
t he enpl oyee screening nethod presented in this nmeno, and a
survey for point sources as presented in the procedures docunent.
A possible series of actions for conpleting this inventory m ght
be:

1. Use the nost recent census data avail able and the
enpl oyee screening table to identify possible point
source bakeries (those with nore than 50 enpl oyees)
within the non-attai nnent area.

a. If there are no bakeries that have npore than 50
enpl oyees, use the per capita nethod to cal cul ate
an area source em ssion estinate.
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As for al

b. If there are bakeries with > 50 enpl oyees, then
conplete steps 2 and 3.

Survey those bakeries that have nore than 50 enpl oyees
as point sources. Use AP-42 guidance to determ ne the
dat a needs; the survey should al so include pounds of
yeast-ri sen baked goods produced and nunber of

enpl oyees. Use AP-42 nethods to determ ne em ssions
fromthose point sources.

Area source eni ssions must now be cal cul at ed.
| nventory preparers have two options:

(a) Use the point source data that has been coll ected
to calculate a local VOC / enpl oyee em ssion
factor. The procedures manual has gui dance for
scaling up the inventory from point source
information in section 5.6.

(b) Use a per enployee em ssion factor derived from
1980's national data. Information used to create
the em ssion estinmates for the three | ower
enpl oynent ranges in Table 3 of this neno have
been wei ghted and averaged, resulting in an
em ssion factor of .11 tons VOC / enpl oyee.
Multiply this factor tinmes the enpl oyees not
counted in the point source surveys. Renenber to
i ncl ude enpl oyees listed under the SIC codes for
manuf acturers and retail bakeries.

categories, docunent all choices and cal cul ati ons used

for these em ssion estimates.



